Mouse double minute antagonist Nutlin-3a enhances chemotherapy-induced apoptosis in cancer cells with mutant p53 by activating E2F1.
MDM2 is a critical negative regulator of the p53 tumor suppressor protein. Recently, small-molecule antagonists of MDM2, the Nutlins, have been developed to inhibit the p53-MDM2 interaction and activate p53 signaling. However, half of human cancers have mutated p53 and they are resistant to Nutlin treatment. Here, we report that treatment of the p53-mutant malignant peripheral nerve sheath (MPNST) and p53-null HCT116 cells with cisplatin (Cis) and Nutlin-3a induced a degree of apoptosis that was significantly greater than either drug alone. Nutlin-3a also increased the cytotoxicity of both carboplatin and doxorubicin in a series of p53-mutant human tumor cell lines. In the human dedifferentiated liposarcoma cell line (LS141) and the p53 wild-type HCT116 cells, Nutlin-3a induced downregulation of E2F1 and this effect appeared to be proteasome dependent. In contrast, in MPNST and HCTp53-/- cells, Nutlin-3a inhibited the binding of E2F1 to MDM2 and induced transcriptional activation of free E2F1 in the presence of Cis-induced DNA damage. Downregulation of E2F1 by small interfering RNA significantly decreased the level of apoptosis induced by Cis and Nutlin-3a treatment. Moreover, expression of a dominant-negative form of E2F1 rescued cells from apoptosis, whereas cells overexpressing wild-type E2F1 showed an increase in cell death. This correlated with the induction of the proapoptotic proteins p73alpha and Noxa, which are both regulated by E2F1. These results indicate that antagonism of MDM2 by Nutlin-3a in cells with mutant p53 enhances chemosensitivity in an E2F1-dependent manner. Nutlin-3a therefore may provide a therapeutic benefit in tumors with mutant p53 provided it is combined with chemotherapy.